ABSTRACT
INTRODUCTION
Most countries of the European Union, countries aspiring for EU membership, and other countries in the world, have accepted the directives relating to the restructuring of the railway system. Until now, the railway restructuring did not allow: full liberalization of rail transport market, an expected positive performance of the railway system, satisfying the transport market demands, required level of rail service quality, meeting the interests of the community at the national, regional and local levels, etc. The restructuring of railway system, mainly brought partial positive operating results in the main railway routes, or Pan-European corridors, especially in transit transport. Although the quality of railway system slightly increased, it is still far from the level that transportation market requires. Rail infrastructure has an important role in providing appropriate quality of rail services.
The definition of the national railway companies restructuring and the modes for infrastructure management in Europe are mainly based on expert opinions, and depend on the defined traffic policies, country development, as well as on the willingness for accepting the changes (political, social and other reasons).
The analytical review of the future railways development in the new circumstances of the transport market, the liberalization of the railways and the privatization of railways as providers of services is given in paper [1] . Paper [2] presents a new model of railway traffic management as the basis for efficient activity and harmonization of railway traffic management in the Republic of Slovenia to the systems of railway traffic management within EU.
There are numerous examples for the application of Multiple Criteria Optimization (MCO) in traffic and transport. A wide range of application of MCO meth-ods can be seen in the models for optimal pedestrian crossing [3] , measuring of the passengers service quality [4] , the prioritization of the investments in transport infrastructure [5] , and model for creating a design and construction of railway infrastructure on Pan-European Corridors V and X by macroeconomic and infrastructure criteria for MCO [6] . The limitation of this approach is greater subjectivity in definition and quantification of the criteria.
The simulation model which allows an infrastructure manager to control the railway infrastructure and optimize track availability by taking into account the size of the limited speed sections and track closures can be seen in paper [7] .
Recently, the use of artificial intelligence and hybrid models in traffic and transport has increased. An overview of such models is presented in paper [8] .
We present a hybrid model based on the theory of artificial intelligence (Case-based reasoning (CBR) methodology), the theory of fuzzy sets and the theory of MCO. Based on the hybrid model, the developed software named UZI-CBR 1 acts as an expert decision system for selection of the method (model) for the railway infrastructure institutional management.
UZI-CBR HYBRID MODEL
CBR is used for solving problems in domains where experience plays an important role. Generally speaking, CBR aims to solve new problems by adapting solutions that were successfully applied to similar problems in the past. The main supposition here is that the problems that are similar have similar solutions.
The application of CBR methodology in traffic and activities related to traffic is important. ICARUS is a known fault-diagnosis system for locomotives [9] , a system for interactive computer-aided aircraft design [10] , CBR systems for conceptual design of auxiliary ships [11] , and others.
The CBR methodology can successfully offer a solution for new problems (cases) based on the results of similar problems in the previous experience. A similar problem is the choice of institutional management for railway infrastructure. On one hand there is the base for different experiences of restructuring the railway system solutions to the selected sample countries, and on the other hand any rail system and its infrastructure can be observed and a solution can be found based on experience.
The algorithm for the hybrid model is shown in Figure 
1.
Based on the experiences related to the way of managing the railway infrastructure, this model consists of the following countries: the United Kingdom, France, Germany, the Netherlands, Estonia, Italy, Austria, Poland, the Czech Republic, Slovak Republic, Hungary, Romania, Bulgaria, Slovenia, Croatia, Albania, Bosnia and Herzegovina, Macedonia (N = 18). The CBR methodology includes well-known phases as shown in Figure 2 .
The most important and also the most difficult moment in the implementation of CBR methodology is finding the appropriate measure of similarity. The similarity can be defined as a function of:
U -the set of all objects in the system; CB -Case Base (only those cases that were resolved and recorded in the past). Higher value of the function similarity (sim) shows that two objects are more similar. Limiting case of , sim x x 1 = h , which means that the object is most similar to itself.
Different measures of similarity are established: the superficial similarity (differing only syntactic properties of representations), the local similarity (considering only the similarity of some attributes) and global similarity (a complete view of the case).
For each new case of institutional management of railway infrastructure, in the phase "RETRIEVE" the most similar problems are identified on the base of experience and their successful solution. We defined global similarity, which is used for searching the base of cases by using the function:
where: Fn -similarity between the observed (actual) cases (PS) and the n-th stored case SSn; k -finite number of defined attributes (sets of criteria); l -finite number of defined observed attributes values (sets of criteria); N -total number of stored cases;
f -function of similarity of the observed cases (PS), according to the i-th attribute and its j-th value of n-th stored case ( SSn ij ); wi -importance (weight) of the i-th individual attributes; the range of the attribute is [0,1] where attributes with higher significance have a higher weight. More significant attributes have weight w 1 = , and less significant attributes have weight . w 0 5 = . Sets of criteria are established on the basis of the attributes in the phase "RETRIEVE" and their similarity.
The infrastructure has a complex position on the market. On one hand it is necessary to meet the market and transporters' demands, and on the other hand the requirements of communities at national, regional and local levels. For this reason it is very important to define a rational (optimal) 2 way of managing rail infrastructure. To achieve this it is necessary to define the criteria that will determine the institutional management of railway infrastructure.
In this paper, the evaluation methods of institutional management of railway infrastructure are defined with sets of criteria for assessment: 1. size of the country (region); 2. levels of economic development; 3. infrastructure development; 4. level of reform of the railway system.
The set of criteria about the size of countries (regions) consist of the following criteria: country size, population and population density. The set about the level of economic development consists of: population, GDP, GDP per capita, and unemployment rate, and the set of infrastructure development criteria: the total length of railways, the density of the network, the percentage of electrified railways, and the percentage of double track lines and multiple track lines. The assessment of the reform level of the railway system was carried out by using the following criteria: the preparedness of countries for railway reform, new regulations (laws), improved management structure, liberalization of the railway market, open access to infrastructure for operators, commercial business enterprises, subsidies for passenger transport, adjusting the number and structure of employees and the number of railway operators.
For the evaluation of sets of criteria the theory of fuzzy sets is applied, which is a convenient tool when we need to evaluate the appearance of subjectivity, imprecision, and ambiguity. The evaluation of the set of criteria about the size of countries (regions) is shown in paper [12] , the development of railway infrastructure [13] , and the level of reform of the railway system in [14] . In a similar way the evaluation of the level of economic development of countries was done. The results of the evaluation of the sets of criteria based on the theory of fuzzy sets are shown in Considering that fuzzy sets are characterized by vagueness, the values are not crisp, but descriptive or fuzzy. Fuzzy sets are defined as values around 4 and 6 according to predefined output functions of fuzzy sets: "Size of the country (Region)", "Level of economic development", "Development of railway infrastructure" and "Level of reform of railway system".
Each attribute can have one of three values (l 3 = ):
After finding similar cases from the base, this is followed by phase "REUSE" in which specific adaptations are made. These adaptations are related to the application of theoretical model of company organization, national laws relating to railroads, businesses, companies, etc., and the conditions of territorial infrastructure distribution. The following models of organizational structure are established: a model of a single legal entity, the model of a single legal entity with its partners, a model of pure holding company, model of mixed holding and the model of independent companies. For their design a divisional model with combined structure was selected. At higher hierarchical levels there is subjective structure to the lower territorial structure.
In the phase "REVISE" in which the evidence of the accuracy and external validation is expected, in this model MCO is applied. For the purposes of MCO new (specific) criteria are defined: model efficiency, attractiveness of models to attract operators, satisfying the needs of transport market, compliance with EU directives, financial independence model, and possibility of realization of the model.
The efficiency is the ability to achieve results and business goals. This means, in relation to railway infrastructure management, the offered model should be capable of effective operation and maintenance. The criterion should be maximized.
The criterion "attractiveness of models to attract operator" means ability of the model in which operators provide open access to infrastructure, i.e. use of infrastructure by the operators on equal terms free of discrimination. The criterion should be maximized.
The criterion "meeting the needs of transport market" refers to the ability of the proposed model to meet the needs of operators in the transport market in relation to the condition and capacity of railway infrastructure capacity (maximum speed, line capacity, F r a n c e G e r m a n y It a ly G r e a t B r it a in P o la n d R o m a n ia A u s t r ia N e t h e r la n d H u n g a r y B u lg a r ia S e r b ia S lo v a k R .
C z e c h R . C r o a t ia B o s n ia & H e r. S lo v e n ia M a c e d o n ia A lb a n ia E s t o n ia F r a n c e G e r m a n y It a ly G r e a t B r it a in P o la n d R o m a n ia A u s t r ia N e t h e r la n d H u n g a r y B u lg a r ia S e r b ia S lo v a k R . C z e c h R . C r o a t ia B o s n ia & H e r. S lo v e n ia M a c e d o n ia A lb a n ia E s t o n ia L a r g e M e d i u m S m a l l F r a n c e G e r m a n y It a ly G r e a t B r it a in P o la n d R o m a n ia A u s t r ia N e t h e r la n d H u n g a r y B u lg a r ia S e r b ia S lo v a k R . C z e c h R .
C r o a t ia B o s n ia & H e r. S lo v e n ia M a c e d o n ia A lb a n ia E s t o n ia F r a n c e G e r m a n y It a ly G r e a t B r it a in P o la n d R o m a n ia A u s t r ia N e t h e r la n d H u n g a r y B u lg a r ia S e r b ia S lo v a k R . C z e c h R .
C r o a t ia B o s n ia & H e r. S lo v e n ia M a c e d o n ia
A lb a n ia E s t o n ia Certain models for managing railway infrastructure can be fully or to some extent harmonized with EU directives aimed at completing the single transport market, the liberalization and ensuring the independence of railway management companies. The criterion should be maximized.
The infrastructure operator should be a functionally capable and financially stable company. The country set aside funds for infrastructure operators for infrastructure development, but not for the workers' salaries. The criterion "financial independence model" should assess how the model can be offered to satisfy these requirements. The criterion should be maximized.
The criterion "possibility of realization of the model" refers to the possibility of realization of the considered model in terms of legislation, environment, support of political, social and other participants and the like. The criterion should be maximized.
In the phase "RETAIN" the accepted solution of the observed problems is stored in the database of solved cases as new successfully resolved case.
UZI-CBR expert system user windows are shown in Figure 4 , and the results of model testing for the defined parameters are presented in Figure 5 .
TEST OF A HYBRID MODEL AND DISCUSSION
The model was tested on a railway network that is located on the territory of Vojvodina. By applying the fuzzy quantification model evaluation criteria were obtained for the region of Vojvodina ( Table 1) .
The obtained fuzzy scores for AP Vojvodina, except for the estimation of the level of railway reforms, were used to find similar cases in the UZI-CBR model. Taking into account the aspirations of Serbia for EU membership and obligations that must be carried out on the road to membership, which includes the restructuring of the railway system (EU Directives), as well as already implemented reforms of railway systems in the region, the search of similar cases from the base should raise the level of railway reform. This means that when the database searching of cases is performed, the required level of railway reforms are applied, not the existing ones for the observed example: ("Low" railway reform).
The phase "RETRIEVE" in the UZI-CBR model has been implemented for advanced "gradual" and "radical" approach to restructuring the railway system. The gradual approach implies a longer transition period, while a radical process implies "fast" and "sharp" transformation of the railway company in terms of its organization and relations with the country without a transition period. This means that they immediately formed at least two organizational units: infrastructure and transport. Rating "Medium" of the railway reform fits the gradual approach and the radical one, "High" railway reform. An equal weight (importance) is assigned to each attribute (w 1 i = ). The test results are shown in Figure 5 .
The results of model testing for both cases ("gradual" and "radical") are not significantly different. Advanced "gradual" approach leads to the following organizational models: single model (independent) legal entity which only operates part of the railway infrastructure which is in AP Vojvodina and the model of pure holding company that will manage with a part of infrastructure and will perform rail transport. The "Radical" approach leads to the model of a single (independent) entity and the model of a mixed holding. In general, the model was obtained by a single legal entity and holding company model with its variants: pure and mixed holding. Therefore, in this work the best model of the organization selection is made by the following three options (alternatives): a unique model (independent) legal entity (alternative a1), a model of pure holding company (alternative a2) and a holding mixed model (alternatives a3).
The phase "REUSE" carries out adaptations of the founded similar models based on the application of theoretical models of organizational structure -division model which has a combined structure.
In the phase "REVISE" MCO was conducted. A group of experts (decision makers) is formed, consisting of experts such as: academics, relevant ministries from the country and the region, the Secretariat of the Government of AP Vojvodina, the organization SEETO, PE "Serbian Railways" and the railway infrastructure managing companies as an independent company or as a holding. The survey was conducted by the Delphi method rules.
Two MCO methods were selected (ELECTRE and PROMETHEE II) for the selection of railway infrastructure management model, and the optimal solution could not be susceptible to the use of only one method.
The results obtained by MCO ELECTRE and PRO-METHEE methods are almost identical, indicating the stability of the solution. Both methods indicate that the alternative a2 (model of a pure holding company) dominates the alternatives a3 (the model of a mixed holding company) and a1 (model of a single company). This means that the most rational solution for the institutional management of railway infrastructure on the territory of AP Vojvodina, is the model of pure holding company. This kind of model was applied on the Slovenian and Croatian Railways (Slovenian Railways Ltd. and HZ Holding Ltd.). The pure holding company model has been adapted and is in line with the theoretical principles model for company organization, the national laws relating to railroads, companies, as on the territorial infrastructure distribution conditions.
The organizational chart, general and detailed, the most rational model of the converted railway infrastructure management, gained in the phase of "RE-VISE" is shown in Figures 6 and 7 .
Infrastructure operator is equal company within the holding, and the carrying out of activities should be separate. The company form should be a company with limited liability (Ltd.). The majority share of the company should not be privatized.
Infrastructure manager, basically, there should have three levels of hierarchical organizational structure (three vertical levels of management). The next level is basically the underlying form of organizational structure with three horizontal levels of management ( Figure 7 ). As the railway infrastructure extends to a number of regions, for more equitable allocation and efficient performance, a territorial (regional) organization of infrastructure maintenance is necessary, as well as shunting operations and regulation of traffic (if the regulation is not centralized). The regions should not be defined by administrative boundaries or the like, but only by the network density, the importance of railways and equal operations division.
In the phase "RETAIN" the accepted solution to the railway infrastructure management model is stored in the database of solved cases as a new successfully resolved case.
CONCLUSION
Since the EU directives, the introduction in theory and practice, a unique solution in terms of choice of model railway infrastructure management has not been given. In practice, there are different ways of implementing the restructuring of railway systems and their adjustment to EU directives and in some systems a large lagging behind is evident (e.g. Albanian Railways, Serbian Railways, etc.).
The issue that this paper deals with is developing a general model that provides a solution about the institutional management of the railway infrastructure. For the choice of the railway infrastructure management model it is necessary to define the criteria on which the selection will be made. For that purpose, a hybrid model that provides a solution of the above mentioned problem was developed. In the paper relevant criteria for that choice are identified and quantified. The verification of the developed model was carried out on a selected example.
It is necessary to continue the research in the field of studying the behaviour of the defined criteria, and possible identification of new criteria that can influence the redefinition of the developed models of quantification and valuation in this paper or create entirely new models. Also, to explore other methods of criteria quantification using other techniques which are successfully treating various types of uncertainty and imprecision and other models for the selection assessment of the institutional management of railway infrastructure to be developed in order to compare the results. It is necessary to examine the possibility of generalization of the model in terms of its application to other transportation infrastructure.
